Background: Astragaloside, which is one of the main components of Astragalus membranaceus, has been widely used
the function of the renin promoter and inhibit renin gene transcription activation. Thus, vitamin D can inhibit the expression of the renin gene to regulate the RAAS (Nakane et al., 2007 , Li et al., 2002 . Additionally, vitamin D not only inhibits the generation of proinflammatory cytokines, such as interleukin 6 (IL-6) and tumor necrosis factor α (TNF-α), but also increases the expression of anti-inflammatory cytokines, such as interleukin 10 (IL-10) (Barker et al., 2014 , Liu et al., 2011 .Vitamin D also has antioxidant effects (Lee et al., 2015) that improve myocardial metabolism, protect the mitochondria (Mukherjee et al., 1981) , and inhibit apoptosis to protect the myocardium (Yao et al., 2015) .
Astragalus membranaceus is a commonly used traditional Chinese herb that contains flavonoids, saponins, and other active ingredients that have wide pharmacological actions, including anti-diabetic, anti-hypertensive, anti-inflammatory, and cardioprotective effects as well as the prevention of heart failure (Huang et al., 2016 , Li et al., 2017 .Astragaloside(AST) is one of the main components of Astragalus membranaceus which could modulate the RAAS and inhibit cardiomyocyte hypertrophy and apoptosis to protect the heart (Shi et al., 2009 , Zhang et al., 2015 .
Using the Arrowsmith method（http://arrowsmith.psych.uic.edu/cgi-bin/arrowsmith_uic/start.cgi）, we found a correlation between Astragalus and vitamin D in the treatment of myocardial hypertrophy. Given this background, we hypothesized that the vitamin D axis played a vital role in the mechanism of astragaloside in treatment of cardiomyocyte hypertrophy. The present investigation was designed to study whether astragaloside exerted its anti-hypertrophic actions through the vitamin D axis.
Materials and Methods

Primary culture of rat cardiomyocytes
One-to-three-day-old newborn Sprague Dawley rats were purchased from the Animal enter of the Third Military Medical University (Chongqing, China). The ventricular myocardium was prepared as described previously (Menaouar et al., 2014) . Briefly, the ventricular myocardium was excised, cut into small pieces, and washed three times with cold phosphate-buffered saline (PBS, ZSGB-BIO, China). Then, the tissues were digested 6 times for each 5 min at 37 o C with 0.125% (w/v) trypsin (Beyotime, China). An equal volume of cold Dulbecco's modified Eagle's medium: Nutrient Mixture F-12 (DMEM/F12) (Gibco, USA) containing 10% (v/v) fetal bovine serum (FBS, Gibco, USA) was added to terminate the digestion. The cells were collected and centrifuged for 10 min at 1000 rpm at room temperature. Then, the cells were collected and suspended in DMEM/F12 complete medium containing 1%
antibiotics (penicillin/streptomycin, Gibco, USA) and 10% (v/v) FBS and cultured in an incubator at 37 o C with 5% CO2
and saturated humidity. The culture medium was renewed after 48 h, and the cells were cultured for an additional 24 h.
Then, the medium was changed to serum-free DMEM/F12, and the cardiomyocytes were randomly divided into 6 groups 
Immunohistochemistry
The cell density was adjusted to 2×10 4 cells/mL, and the cells were cultured on a cover glass. Then, the cover glass was fixed with 4% paraformaldehyde, cleared with PBS containing 0.5% Triton X-100, treated with 3% hydrogen peroxide (H2O2) in methanol to quench endogenous peroxidase activity, and blocked in 6% goat serum. The samples 
Transmission electron microscope
The cells were collected and fixed with glutaraldehyde/osmium tetroxide fixative. The samples were cut into a series of semi-thin sections and embedded. The sections were stained with compound dye (0.25% sodium borate: 0.25% basic fuchsin, 1:1) and cut into ultrathin sections after observation using a microscope. The ultrathin sections were put on a copper wire mesh and attached with a film prepared using a 0.45% Fonnvar solution. Then, the samples were dried on filter paper, stained with uranyl acetate and lead citrate, and examined using a transmission electron microscope (Royal Philips Tecnai-10, the Netherlands). 
Flow cytometry
Statistical
Statistical analysis of the experimental data was performed using the SPSS software 17.0 (SPSS, Chicago, IL, USA).
Measurement data were presented as the mean± standard deviation to compare the means of two variables (not groups) for the survey data. One-way ANOVA was used to compare differences among groups. A p-value<0.05 was considered significant.
Result Identification of rat cardiomyocytes
During the initial inoculation period, the primary cardiomyocytes were transparent and round. The cells adhered to the culture dish approximately 24 h after inoculation. Non-adherent cells and impurities were eliminated with time and medium changes. After adherence, the cells began to spread and divide. The cells were fusiform or polygonal in shape with the nucleus located in the center of the cell. Cardiomyocytes were identified by immunohistochemical staining for rat α-actin (Fig. 1) . 100 X 400 X The VDR, CYP24A, CYP27B and renin mRNA expression levels were evaluated by qRT-PCR. For each gene, the primer sets amplified a unique PCR product with a single-peak dissociation curve. The amplification efficiency of the PCR reactions was higher than 95%. Relative quantification of the PCR results indicated that the VDR and CYP27B mRNA expression levels were significantly reduced in the ET-1 group compared with the control group, whereas the CYP24A and renin mRNA expression levels were significantly increased in the ET-1 group (P<0.05). The mRNA levels of all genes in VD group were similar to the expression levels in the control group (P>0.05). AST groups had an effect similar to VD group. Thus, astragaloside and vitamin D may partially counteract the effects of ET-1 on the mRNA levels (Fig. 2) . 
Cardiomyocyte hypertrophy
Ultrathin sections of the cells in each group were observed by TEM (Fig. 4) . The observed ultrastructures revealed that the cardiomyocytes in the control group had a uniform nucleoplasm and smooth nuclear membranes. The mitochondrial cristae in the cardiomyocytes were arranged in an orderly and dense manner. After treatment with ET-1, the cells exhibited marginalized and aggregated chromatin and crinkled and distorted nuclear membranes; we also observed dense bodies in the cytoplasm. The cristae of the mitochondria were disordered, loose, and broken. When ET-1 and vitamin D were co-administered, the cells resembled the control group cells. When ET-1 and AST were co-administered, the area of the nuclei increased. The pathological changes in the mitochondria of the rat cardiomyocytes improved, and the chromatin aggregated in the middle of the nuclei (Fig. 3) . 
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Flow cytometry
To examine the effect of AST on ET-1-induced cell death, apoptosis was examined by flow cytometry. The flow cytometry results indicated that the cell apoptosis rates in the control group, ET-1 group, ET-1 +VD group and ET-1 + AST group were 7.45±0.13%, 14.41±0.11%, 8.3±0.44%, 13.35±0.27%, 9.77±0.07% and 8.21±0.07%, respectively. A significant difference was observed in the survival rate between the control group and each experimental group (P<0.01) (Fig. 4) . 
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Discussion
Cardiomyocyte hypertrophy is an adaptive response to a variety of cardiovascular stimuli, such as the hemodynamic load (Devereux et al., 1983) , growth factors (Karpanen et al., 2008) and hormones (Hu et al., 2005) . Chronic cardiomyocyte hypertrophy may lead to cardiac arrhythmia (Ehses et al., 2000) , myocardial infarction, heart failure, and even death; therefore, cardiomyocyte hypertrophy is considered an independent risk factor for an increase in cardiovascular morbidity and mortality(Mahdy Ali et al., 2012) .
Renin is a rate-limiting step in angiotensin II (Ang Ⅱ) production. Renin not only initiates the RAAS chain reaction with angiotensinogen (Yoshida et al., 2014) , but also activates the prorenin receptor-activated intracellular signal transduction pathway, which is dependent on Ang Ⅱ production. Thus, renin plays a vital role in promoting inflammation and proliferation, leading to cardiomyocyte hypertrophy and hyperplasia (Saris et al., 2006) . A large number of studies have confirmed that activated RAAS regulates cardiomyocyte growth and apoptosis by endocrine and paracrine effects (Weir and Dzau, 1999) In summary, our study demonstrated that astragaloside was cardioprotective in cultured cardiomyocytes and exerted significant anti-hypertrophic activities at least partially through the vitamin D axis. These findings suggest that uncovering the mechanisms of astragaloside are important for the treatment of cardiovascular disease. Therefore, further in-depth investigations on astragaloside for cardiomyocyte hypertrophy are needed, especially at the molecular level, to provide a safer and more reliable treatment modality for cardiovascular diseases.
